Background and Objective. There has been concern over rising use of prescription opioids in young and middle-aged adults. Much less is known about opioid prescribing in older adults, for whom clinical recommendations and the balance of risks and benefits differ from younger adults. We evaluated changes in use of opioids and other analgesics in a national sample of clinic visits made by older adults between 1999 and 2010.
Introduction
There has been growing debate about prescribing opioid analgesics for older adults [1] . Awareness of the undertreatment of pain in older adults has spurred more aggressive strategies to provide analgesia. Moreover, the gastrointestinal and renal toxicity of nonsteroidal antiinflammatory drugs (NSAIDs) has prompted many physicians caring for older adults to use opioids in place of NSAIDs, a trend reinforced by pain guidelines issued by the American Geriatrics Society in 2009 [2] . At the same time, there has been increasing awareness of potential harms of opioid therapy that disproportionately affect older adults, including constipation, fractures, and cardiovascular events [3] [4] [5] . In addition, although dependence and overdose-related death appear to be substantially less common in older adults than in their younger counterparts [6, 7] , definitive data on addiction to prescription opioids are limited in older adults.
A rapidly growing body of literature has documented the epidemiology and adverse health outcomes of opioid prescribing among young and middle-aged adults. Over the past 15 years, the use of opioids for chronic conditions in these populations has increased by approximately 50-100% in the United States and other countries [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . This greater frequency of use has been accompanied by increases in the dose and potency of opioids being prescribed to young and middle-aged adults, and by substantial growth in the rate of opioid dependence, addiction, and death from overdose [13, 17, 19, 20] . Despite this proliferation of research in younger adults, there are surprisingly little data about the epidemiology of opioid use in older adults, who have different prescribing considerations, risk-benefit tradeoffs, and insurance coverage than younger adults.
As more information becomes available about the benefits and burdens of opioid therapy in older adults, it is increasingly important to understand the epidemiology of opioid use in this population to define practice patterns and identify leverage points for improved prescribing. To this end, we sought to evaluate changes in the use of opioids and other analgesics among older adults seen in outpatient clinics in the United States between 1999 and 2010, and to define in what circumstances these drugs are most commonly used.
Methods
We used data on adults aged 65 years and older from the National Ambulatory Medical Care Survey (NAMCS) and National Hospital Ambulatory Medical Care Survey (NHAMCS) from 1999 to 2010. NAMCS and NHAMCS are nationally representative serial cross-sectional surveys of patient visits in community-based and hospital-based ambulatory clinics, respectively. Patient characteristics and characteristics of the visit (e.g., patient's reason for visit, clinician diagnoses, and so forth) are recorded by the treating clinician or clinic staff at the completion of the visit. Approximately 30,000 visits are recorded per survey per year. NHAMCS also has a component to record care during emergency room visits, but we excluded these visits because of our focus on nonemergency ambulatory care.
Medication data were recorded for medications in use or newly prescribed at the time of the visit, and included up to six medications in 1999-2002 and up to eight medications in 2003-2010. We classified analgesic medications into four mutually exclusive categories: opioids (including combination medications with an opioid component); acetaminophen (including acetaminophen combinations that did not include opioids); NSAIDs (including nonselective NSAIDs and COX-2 inhibitors); and gabapentin and pregabalin. Opioids were further subcategorized into mutually exclusive subcategories. We did not evaluate use of other medications that may have analgesic properties, including medications typically used to treat migraine headache (e.g., combination drugs with caffeine and butalbital, or triptans such as sumatriptan). We also did not evaluate anticonvulsant and antidepressant medications other than gabapentin and pregabalin. (We chose to include gabapentin and pregabalin because they are commonly used in the treatment of neuropathic pain, and use for this indication may exceed their use for other indications such as seizure prevention) [21] .
As noted above, up to six medications were recorded in 1999-2002 and up to eight medications were recorded in subsequent years. This difference in ascertainment might lead to undercounting of opioid use in the earlier study years relative to the later ones. We thus conducted sensitivity analyses to adjust for these differences in ascertainment. To do this, we started with data from years with up to eight medication positions (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . Next, we determined the percentage of visits identified as involving an opioid if we considered only the first six medication positions, and we contrasted that with the percentage of visits identified as involving an opioid when we considered all eight medication positions. Using the ratio of these two estimates, we extrapolated the expected frequency of opioid use in 1999-2002 if up to eight medication fields had been available in those years. We repeated this process for the other analgesic classes of interest. Further detail is provided in Supporting Information Table S4 .
For each visit, up to three patient reasons for the visit (i.e., presenting complaints) were recorded, as well as the acuity of the main reason for the visit. Reasons for visit were classified by NAMCS and NHAMCS into a standardized taxonomy. We considered visits to be for a musculoskeletal reason if one or more of the reasons for visit involved diseases of the musculoskeletal system and connective tissue, symptoms referable to the musculoskeletal system, injuries, or pain not referable to a specific site. If the patient did not have a musculoskeletal reason for the visit, we used the primary "reason for visit" code to identify the reason for visit. We grouped these codes by organ system and other major categories based on a schema provided by the National Center for Health Statistics [22] . Starting in 2005, another section was added to the survey that recorded whether the patient had each of 14 common chronic conditions, regardless of whether those conditions were addressed during the visit.
NAMCS and NHAMCS employ a complex, multistage survey design that incorporates several layers of clustering, stratification, and probabilistic sampling. All analyses used standard techniques recommended by the National Center for Health Statistics to adjust for sampling weights and the complex survey design to make the results nationally representative of outpatient visits among adults aged 65 years and older in the United States [23] . These analyses included use of the surveyfreq and surveylogistic commands in SAS 9.3 for measures of association with analgesic use. Unless stated otherwise, tests of change in analgesic use over time were conducted using surveyadjusted logistic regression with data from all study years. However, for purposes of clarity, in the text of the article, we often report only the frequency of use at the beginning and end of the study period. (Complete data on pointprevalent use are provided in Supporting Information Table S1 ). To decrease variance in estimates of medication use in each time period, we divided the 12 study years into six 2-year blocks. This study was exempted from review by the institutional review boards of the University of California, San Francisco and San Francisco VA Medical Center.
Results
Over the 12-year study period, there were 148,509 surveyed visits by adults aged 65 years and older, corresponding to a mean of 251 million outpatient visits by older adults per year. Mean age among older adults making outpatient visits was 75 ± 7 years, 58% of visits were made by women, and 45% of visits occurred in primary care clinics (Table 1) . Most characteristics of patients and visits did not change substantially over the 12-year study period. For example, the percentage of visits that involved a musculoskeletal complaint or problem remained stable at 16-17% from the beginning to the end of the study period (data not shown).
The percentage of visits at which any analgesic medication was in use rose from 13.6% in 1999-2000 to 19.1% in 2009-2010 (P < 0.0001). Much of this rise was attributable to increased use of opioids, use of which increased from 4.1% to 9.0% of visits between 1999-2000 and 2009-2010 (P < 0.0001, Figure 1 and Supporting Information Table S1 ). Over this 12-year period, there were changes in the use of other types of analgesics ( Figure 1 and Supporting Information Table S1 ). NSAID use declined from 8.7% to 7.7% of visits (P = 0.002). Most of this decline was due to a sharp drop in the use of COX-2 selective NSAIDs during the middle of the decade, declining from a mean of 5.2% of visits in 2003-2004 to 2.0% of visits in [2005] [2006] . Increased use of nonselective NSAIDs over the same interval partially offset the decline in use of COX-2 inhibitors. Use of acetaminophen (alone or in combination with non-opioid drugs) rose from 1.7% to 2.7% of visits from 1999 to 2010 (P = 0.005), and use of pregabalin and gabapentin increased from 0.5% to 2.6% of visits (P < 0.001).
Data on the chronicity of prescriptions became available starting in 2005. Most of the opioid use recorded at visits was for medications that were in ongoing use. Among the 9.0% of visits at which opioid use was recorded in 2009-2010, in 6.0% of visits the opioid(s) were already in use prior to the visit, in 2.0% of visits the opioid(s) were newly prescribed at the time of the visit, and in 1.0% of visits the chronicity of opioid use was not recorded.
Over the 12-year study period, rising use of opioidcontaining combination analgesics accounted for more than half of the total increase in opioid use (Figure 2 ). Use of these combination drugs increased from 1.9% of visits in 1999-2000 to 5.0% in 2009-2010 (P < 0.0001). Nearly all of this increase was due to increased use of hydrocodone-containing combinations such as hydrocodone-acetaminophen (often known by the brand name Vicodin). Hydrocodone combinations rose from 1.1% to 3.5% of visits over the study period (P < 0.0001), whereas use of combinations containing codeine and oxycodone was more stable (0.4% to 0.4%, P = 0.34 and 0.4% to 0.7%, P < 0.0001, respectively; Figure 3 ). includes codeine, hydrocodone, or oxycodone combined with acetaminophen, ibuprofen, or similar agents; "tramadol and other opioids" includes tramadol, pentazocine, or propoxyphene (alone or in combination); "classic schedule II opioids" includes stand-alone schedule II opioids including morphine, hydromorphone, oxycodone, and others.
Several patient and clinic characteristics were associated with use of opioids ( Table 2) . At both the beginning and end of the study period, opioid use was more common in visits by women than in men, in visits where the patient had arthritis and/or depression, and in visits conducted in primary care settings. Increases in opioid use over the study period were generally similar across these and a variety of other patient and clinic characteristics. However, the pattern varied somewhat by reason for visit. Among visits for musculoskeletal complaints, opioid use increased from 10.7% of visits in 1999-2000 to 17.0% in 2009-2010 (P < 0.001). Among visits for other reasons, opioid use was less common but also rose over the study period from 2.8% to 7.3% of visits (P < 0.001). This included increases in opioid use from 2.8% to 8.5% of visits for mental and nervous system conditions, from 2.1% to 7.8% of visits for respiratory conditions, and from 4.1% to 5.4% of visits for digestive and genitourinary conditions (see Supporting Information Tables S2 and S3 for additional information).
In sensitivity analyses, we adjusted the medication data in Table S4 ).
Discussion
In this nationally representative study, use of opioids among older adults making clinic visits more than doubled between 1999 and 2010. By the end of this period, almost 1 in 10 clinic visits by older adults involved a patient using an opioid analgesic. Most of the increase in opioid use over this period was attributable to increasing use of combination opioids including hydrocodone (namely hydrocodone-acetaminophen, commonly known as Vicodin). Over the same period, use of acetaminophen remained relatively stable, use of NSAIDs fell slightly, and use of gabapentin and pregabalin rose, but at absolute levels far below those of opioids.
The growth in opioid use among older adults parallels increases seen in the general adult population. However, the implications of this rise in use may differ between age groups. In young and middle-aged adults, not only are rates of opioid use higher but the potency of prescriptions (as measured in morphine equivalents) has been increasing as well [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Together, these have been associated with major increases in the rate of opioid addiction and overdoses, which have fueled a growing consensus that opioid prescribing has grown excessive and should be substantially curtailed.
In contrast, there is less certainty about the proper use of opioids in older adults and the balance of these medications' benefits and harms in this population [1] . Pain is common in older adults, and is often undertreated. The potential benefits of opioids for older adults include reduced pain intensity and improved function [24] . Other inconsistently reported benefits have included improvements in sleep and physical quality of life [24] . Moreover, non-opioid analgesics such as NSAIDs have important adverse effects that disproportionately affect older adults. Due to these concerns, pain guidelines released by the American Geriatrics Society in 2009 de-emphasize the use of NSAIDs for control of nociceptive pain in older adults, such that for many patients with inadequate pain control on acetaminophen, the next recommended step-up agent is an opioid [2] . However, the potential benefits of opioid use are accompanied by risk for harms including constipation, nausea, and potentially increased risk of falls, fractures, and cardiovascular events [3, 4, 25] . The risk of dependence and addiction is much less well defined for older adults than younger ones, but remains an important consideration. Moreover, physicians can make potentially dangerous errors in prescribing opioids, such as starting patients on inappropriately high doses of opioids or starting opioid-naïve patients on long-acting opioids [26] . Because the risk of severe opioid-associated adverse effects increases substantially with higher doses and older adults in general are more susceptible to adverse drug events, special attention is warranted not only in the decision to treat or not treat with opioids, but in the initiation and titration of drug dose.
It is difficult to know what the optimal rate of opioid prescribing is for older adults. Nonetheless, our findings shed light on potential areas of focus for investigating and addressing the appropriateness of opioid prescribing. First, our results suggest a transition from shorter term to longer term use of opioids. Although we were unable to directly measure duration of prescribing over the entire study period, an increasing prevalence of opioid use observed in visits not for musculoskeletal complaints suggests that these drugs are already being chronically prescribed when patients see their clinicians for any of a variety of other problems. Second, the observation that opioid use in primary care settings is higher than in medical specialty and surgical clinics suggests that primary care clinicians are a critical target for efforts to optimize opioid use. Third, substantial increases in opioid use among patients with a wide variety of demographic characteristics and clinical characteristics suggest that attempts to improve opioid prescribing need to be applied broadly.
It is important to note that by 2009-2010, nearly 40% of patients taking opioids were prescribed hydrocodonecontaining combinations, namely hydrocodoneacetaminophen (mainly known by the brand name Vicodin). The extensive use of this drug may reflect the fact that until recently it was a schedule III controlled medication, for which clinicians can prescribe up to a 6-month supply and call in a prescription to a pharmacy. This stands in contrast to tighter controls on schedule II medications such as oxycodone (alone or in combination). Similarly, the relatively sharp increase in opioid prescribing seen in the mid-2000s was largely attributable to increased use of hydrocodonecontaining combinations, suggesting that these drugs may have been a gateway to increased opioid use during a period when many patients were switching off COX-2 inhibitors due to concerns about cardiovascular safety and when the culture of the medical profession was shifting toward more aggressive approaches to pain control and greater comfort with prescribing opioids. Following an advisory panel vote, the Food and Drug Administration (FDA) has recently reclassified hydrocodone-containing opioids as schedule II drugs, and in October 2013, FDA approved the first single-entity hydrocodone formulation. These changes will likely alter the landscape of opioid prescribing and present an opportunity to reevaluate opioid prescribing practices for older adults.
While increases in opioid use were the dominant finding of our study, evolving use of other types of analgesics also warrants attention. Moderate increases in acetaminophen use over the study period were compounded by sharp increases in the use of combination drugs containing acetaminophen and an opioid. Confusion over proper use of these medications can result in acetaminophen toxicity, a concern shared by FDA, which in 2011 mandated reductions in the amount of acetaminophen available in combination opioids [27] . Use of gabapentin and pregabalin also rose sharply over the study period, suggesting a need for closer examination of how these drugs are being used.
This study has several limitations. First, the unit of analysis of the NAMCS and NHAMCS is patient visits, rather than patients. Patients who seek outpatient care frequently are relatively overrepresented in the dataset, and those who seek care infrequently are underrepresented. As a result, our results should not be interpreted as showing what percentage of older adults in the United States are taking opioids or other analgesics. Further research is needed to address this important question. Second, we were unable to assess drug dose, whether drugs were used regularly or as needed, or to directly assess duration of prescriptions. Finally, the change in the number of medications recorded on the study form (up to six from 1999 to 2003 and up to eight from 2004 to 2010) may lead to undercounting opioid use in the earlier years compared with the later ones. Nonetheless, sensitivity analyses that adjusted for this undercounting yielded results similar to those in our main analysis, and it is unlikely that differential ascertainment was responsible for the large increase in opioid prescribing observed over the study period.
Opioid prescribing for older adults remains controversial and has been the subject of substantial swings in public and professional opinion, from concern to enthusiasm to modulated caution. Resolving these debates-and identifying evidence-based best practices-will require a substantial investment in research to understand the realworld benefits and harms of these drugs in older adults. Similarly, addressing this problem will require aggressive efforts to identify interventions that can be used to identify and improve the quality of opioid prescribing for ambulatory older adults. 
